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BATTERY CHARGE MANAGEMENT 

Field of the Invention 

5 

The invention relates to battery charging and more particularly to rapid battery 
charging and systems for recharging standby or cycling batteries. 

Background to the Invention 

10 

It is common for modern electrical equipment, particularly computer and 
telecommunications equipment, to have standby batteries that maintain supply to 
the equipment during failure of the AC power. After a power failure, when the 
standby batteries have been in use, it is a high priority to return the batteries to a 
15 predetermined level of charge in order to ready the system for the possibility of 
another interruption in the AC power. 

In order to rapidly return standby batteries to a required level of readiness rapid 
recharge systems are often used. If rapid recharge of batteries is not adequately 
20 controlled battery damage can occur which will ultimately result in reduced battery 
life. Damage to the batteries occurs due to battery overheating (thermal stress) 
and overcharging (saturation stress). Both of these stresses can contribute to 
gassing which results in liquid loss and plate damage within the battery. 

25 In order to avoid overheat and overcharge stress modern battery charges employ a 
variety of charge schemes such as current limit, voltage limit, temperature 
compensation and charge accumulation/counting. The parameters for these 
schemes are predetermined, and fixed, to take account of battery type, and 
ideal/expected operating and ambient conditions. 

30 

The problem with such schemes is tliat they do not take account of changes in 
battery condition, operating conditions (for example depth of discharge) and 
ambient conditions that might be expected from a battery installation. For this 
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reason they can promote unnecessary battery stress and/or result in less than 
optimal recharge times. 

Summary of the Invention 

5 

It is an object of the present invention to provide a charge, or recharge, scheme 
that allows better optimisation of the charging process. It is another object of the 
present invention to provide a charge scheme that avoids or ameliorates harmful 
charging stresses and thus minimises degradation of battery life. 

10 

It is a further object of the present invention to at least provide a battery charging 
scheme which overcomes or ameliorates some of the disadvantages of the prior 
art schemes or at least provides the public with a useful alternative. 

15 In its broadest aspect the invention provides for scheme(s) for charging one or 
more cells including: measuring one or more ceils and/or ambient variable 
parameters, or changes in said parameters, either immediately before and/or 
continuously or periodically during the supply of energy to the cell(s); optionally, 
manipulating the measured parameter(s), or change in measured parameter(s); and 
20 relating the (manipulated) parameter(s) to reference information to obtain first 
and/or second charge parameter(s) that minimise charge time and/or charge 
stresses on the cell(s). 

According to a first particular aspect the invention provides for a method of 
supplying energy to one or more cells including: 

measuring one or more variable cell and/or ambient parameters; 
determining an amount of energy to be supplied to the cell(s); and 
relating the amount of energy to be supplied to first reference information 
to obtain a first charge rate parameter for the cell(s); 



and, either continuously or periodically during the supply of energy to the 
cell(s): 

measuring one or more variable cell and/or ambient parameters, or changes 



WO 02/093712 



PCT7NZ02/00097 



3 

in said parameters; 

during at least a first period of the supply of energy to the cell(s), relating 
the measured parameter(s) or changes in the measured parameter(s) or a 
value determined using said parameter(s) to first reference information to 
5 obtain an update of the first charge rate parameter; and 

during at least a second period of the supply of energy to the cell(s), 
' manipulating at least one of the measured parameter(s), or changes in the 
measured parameter(s), or a value determined using said parameter(s) and 
comparing said manipulation to reference criteria to determine the cell(s) 
10 response to the energy supplied and from said response choosing either a 

second charge rate parameter, or an update of the first charge rate 
parameter for the cell(s). 

Preferably the amount of energy to be returned to the cell(s) is determined through 
15 a. measure of the state of charge of the cell(s). 

Preferably the one or more variable cell and/or ambient parameters are one or more 
of voltage, current, cell(s) temperature, and ambient temperature. 

20 Preferably the first charge rate parameter is charge current and the second charge 
rate parameter is charge voltage. 

Preferably two measured variable parameters are cell voltage and temperature, 
wherein voltage and the first charge rate parameter are related to second reference 
25 information to obtain an update of the amount of energy to be supplied to the 
cell(s), the updated amount of energy and cell(s) temperature being related to first 
reference information to obtain an update for the first charge rate parameter. 

Preferably the second reference information is a characterisation or model relating 
30 cell voltage, charge rate and temperature to state of charge of the cell. 

Preferably first reference information is a characterisation or model relating allowed 
cell temperature rise and required state of charge rise to the first charge rate 
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parameter. 

Preferably one measured variable parameter is cell(s) voltage, the voltage being 
manipulated to obtain two or more values, said values being related to reference 
5 criteria to determine the cell(s) response to the energy being supplied. 

Preferably the manipulation includes finding the first, second, third, and optionally 
fourth, derivatives of cell voltage. 

10 According to a second particular aspect the invention provides for a method of 
obtaining information about the amount of energy to be supplied to one or more 
cells including: 

acquiring a plurality of data relating one or more variable cell and/or 
ambient parameter(s), or change in said parameters), to state of charge of 
15 thecell(s); 

characterising the data to obtain second reference information; 
measuring, either continuously or periodically, the variable parameter(s), or 
change in variable parameter(s), during at least a first period of charging of 
the cell(s); and 

20 relating the measured variable parameter(s), or change in the measured 

variable parameter(s), to the second reference information to obtain an 
absolute or relative estimation of the state of charge of the battery. 

The invention envisages that the second reference information may be a 
25 characterisation, function, model or similar that relates the one or more variable 
cell and/or ambient parameters, or change in said parameters, to state of charge of 
the cell(s), and is established through previous testing of the celi(s). The method 
may involve the steps of measuring a plurality of input data (voltage, current, cell 
temperature and ambient temperature) and a respective output data (state of 4 
30 charge) for one or more instances of cell(s) charging, and characterising said input 
and output data to obtain one or more functions or models representing the 
relationship between the input data and the output data, wherein the function or 
models allow the state of charge of the cell(s) to be obtained from variable cell 
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and/or ambient parameters during subsequent charges. 

According to a third particular aspect the invention provides for a method of 
selecting a charge parameter for one or more cell(s) including: 
5 acquiring data relating one or more variable cell parameter(s), or change in 

said parameter(s); 

characterising the data to obtain first reference information; 
selecting an allowable temperature rise for the cell(s); 
determining an amount of energy to be supplied to the cell(s); and 
10 relating the temperature rise and energy to be supplied to the first reference 

information to obtain an absolute or relative estimation of the value of the 
charge parameter. 

The method may further include, either continually or periodically during charging 
15 of the cell(s), optionally revising the allowable temperature rise for the cell(s); 
determining a remaining amount of energy to supply to the cell(s); and relating the 
temperature rise and remaining energy to be supplied to the reference information 
to obtain an updated to the absolute or relative estimation of the value of the 
charge parameter. 

20 

The invention envisages that the first reference information may be a 
characterisation, function, model or similar that relates the one or more variable 
cell parameters, or change in said parameters, to charge rate of the cell(s), and is 
established through testing of the cell(s). The method may involve the steps of 
25 measuring data (cell temperature, state of charge rise and charge current) for one 
or more instances of battery charging, and characterising said data to obtain one 
or more functions or models representing the relationship between the data, 
wherein the function or model allows the charge rate of the cell(s) to be obtained 
from variable cell parameters during subsequent charges. 

30 

According to a fourth particular aspect the invention provides for a method of 
detecting overcharge in one or more cells including: 

measuring a variable cell parameter during at least part of a charge of one 
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or more cells; 

manipulating the parameter to obtain three or more of its derivatives; and 
comparing said derivatives to reference criteria and selecting a result based 
on said comparison. 

5 

The method may further include choosing a charge rate parameter for the cell(s) 
based on the result of the comparison. 

Preferably the variable cell parameter is voltage and the derivatives are the first 
10 second and third. The reference criteria are one or more states for each 
derivative, the states being positive for the first and third derivatives, and positive 
and above a threshold value for the second derivative. Preferably, although not 
exclusively, the fourth derivative may be obtained, the state for the fourth 
derivative being positive. 

15 

The method provides for detection of a change in cell voltage that indicates when 
the cell is no longer accepting substantially all of the supplied charge energy in a 
desired charge reaction and thus some energy is being consumed in unwanted 
overcharge reaction(s). The method discriminates between start of charge 
20 transients and overcharge reaction(s). 

In a further aspect the invention also provides for a charge apparatus adapted to 
charge one or more cells according to one of the above defined aspects. 

25 In yet a further aspect the invention provides for a computer readable medium 
containing instructions to enable a computer or micro-processor to perform steps 
according to one of the above mentioned aspects. 

Further aspects of the invention will come apparent from the following description, 
30 which is given by way of example only. 
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Brief Description of the Drawings 

The invention will now be described with reference to the following drawings in 
5 which: 



10 



15 



20 



25 



30 



Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

Figure 5: 

Figure 6: 

Figure 7: 

Figure 8: 

Figure 9: 

Figure 10: 

Figure 1 1 : 
Figure 12: 

Figure 13: 
Figure 14: 



illustrates the time taken and a temperature change of a 
typical cell for a 50% increase in state of charge using a prior 
art charge scheme; 

illustrates the results from a fuzzy model adapted to estimate 
the state of charge of a cell at a first temperature; 
illustrates the results from a fuzzy model adapted to estimate 
the state of charge of a cell at a second temperature; 
illustrates a thermal model for determining the recharge rate 
of a cell; 

illustrates, in a flow diagram, steps for a first aspect of the 
invention; 

illustrates cell parameters during a thermally managed 
recharge of the cell; 

illustrates ceil parameters showing overcharge stress during a 
prior art current-limited recharge of the cell; 
illustrates charge saturation for a group of 6 cells during a 
prior art recharge; 

illustrates a typical transient in cell voltage during the initial 
part of a cell recharge; 

illustrates a scheme of masking cell parameter transients 
during cell recharge; 

illustrates overcharge detection during cell charging; 
illustrates, in a flow diagram, steps for a second aspect of 
the invention; 

illustrates the safe operating area for battery charge; and 
illustrates cell parameters during a recharge employing 
aspects of the invention. 



WO 02/093712 



PCT/NZ02/00097 



8 

Description of the Preferred Example 

The invention will now be described with reference to the recharge of one or more 
5 cells after a partial or full discharge. It is to be understood however that aspects 
of the current invention may be applied to other charge activities such, as float 
charge, boost charge and intermittent charge. While the current invention is 
particularly suited to rapid charge/recharge of batteries, i.e. where batteries must 
be returned to a high level of charge in a short time period, it is also particularly 
10 useful in any charging situation where battery damage is to be avoided. 

In the following discussion the terms charge and recharge are inter-changeable and 
refer to the supply of energy to a cell or battery that has less than 100% state of 
charge. 

15 

Two stress mechanisms have the potential to reduce battery life if battery 
charging is not adequately controlled. These are thermal stress and overcharge 
stress. The invention provides two separate but overlapping control schemes that 
allow these stresses to be maintained within acceptable levels. 

20 

The first scheme controls the charge current to prevent excessive heating (thermal 
stress) of the battery. This requires a battery state of charge estimate to allow the 
amount of charge, or energy, to be supplied to the battery to be predicted. When 
this is combined with knowledge of the charge heating characteristics an 
25 appropriate charge current can be selected to maintain battery heating within an 
accepted (user defined) window. The depth of previous discharge and the 
allowable temperature rise of the battery influence the charge rate. Thermal stress 
determines the rate at which the bulk of the charge can be returned to the battery. 

30 The second scheme senses the battery's response to the supplied charge current. 
If it is determined that the battery is storing the energy supplied in the desired 
charge reaction the charge current is maintained. However, if it is determined that 
some of the supplied energy is being consumed in unwanted overcharge reactions, 
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the charge rate is reduced. A method of detecting overcharge reaction produces 
an adaptable charge voltage. This will produce the maximum charge voltage for 
the condition and state of charge of the battery. The second scheme attempts to 
reduce the overall time required to return the battery to 100% state of charge. No 
5 voltage limit is set during the charge process. 

In order to fully understand the current invention the discussion is broken into two 
limbs: thermal stress control, and overcharge stress control. 

10 It is envisaged that a preferred embodiment of the invention provides a system 
that incorporates both of these aspects. It will, however, be apparent to the 
skilled addressee that either aspect incorporated into a charge management 
strategy would provide significant benefits. 

15 A Stress Controlled Recharge System combining both aspects is discussed later. 

Thermal Stress Management 

It will be apparent to the skilled addressee that inefficiencies in conversion of 
20 electrical energy and internal resistance losses (PR losses) result in heating of a 
battery during the charging process. 

During higher charge rates the l 2 R losses are the dominant form of battery heating. 
The heat produced is proportional to the square of the current, however the 

25 charge time is reduced by approximately the inverse of the charge rate. The net 
effect is that the total heat energy supplied to the battery is directly proportional 
to the rate of charge. This is illustrated in Figure 1. Figure 1 illustrates the time 
taken and a temperature change of a 6RG180 cell for a 50% increase in state of 
charge using a prior art charge scheme. The charge rate is given as a proportion 

30 of the C 20 value of the cell. In the case of the 6RG180 : cell the.C 20 value is 180AH. 

The current invention envisages that for an optimum minimum temperature rise a 
small amount of charge may be returned to the battery at a higher rate than a 
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large amount of charge. This is because of the accumulative effect of 
the longer duration required to return a greater level of charge to the battery. 
Thus by determining the amount of charge to be returned to the battery and with 
knowledge of the heating characteristics of the battery the current invention 
5 provides that a suitable charge current may be selected that will make full use of 
the allowed temperature rise over the full duration of the charge. 

In order to optimise the charge/recharge time the charge still to be returned to the 
battery and battery temperature must be measured in real-time so that the charge 
10 rate can be monitored and if necessary dynamically varied throughout the 
charge/recharge process. 

The invention provides a method of estimating state of charge in real-time directly 
from easily measurable variable cell and/or ambient parameters such as cell 
15 voltage, current and temperature. However, this method is not crucial to the 
invention and could be replaced by any other means of state of charge estimation. 
With knowledge of the actual state of charge of the battery and the desired state 
of charge of the battery the amount of charge to be returned can be established 

20 The state of charge estimation method provided by the invention involves testing 
the battery to determine the relationship between the measurable variable 
parameters and state of charge. This characterisation results in reference 
information, which for current purposes is second reference information. In the 
preferred embodiment this second reference information is a model that can be 

25 used to predict the state of charge in real-time without interrupting the charge 
process. The model relates cell voltage, charge rate (current) and cell temperature 
to state of charge of the cell. 

Because this relationship has multiple input data (current, voltage and temperature) 
30 and a single output relationship (state of charge.) a Fuzzy Logic model is used to 
map the input data to the output data. Figure 2 shows the results of a fuzzy 
model for temperature of 15 degrees centigrade, and Figure 3 shows the results of 
the fuzzy model for 30 degrees centigrade. That is, the models of Figures 2 and 3 
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were calculated by performing a test on a battery in a heating chamber held at a 
temperature of 15 and 30 degrees centigrade respectively. The cell voltage 
produced by a particular charge current and temperature, can be used to determine 
the real-time state of charge of the battery. 

5 

Fuzzy logic provides an environment that can greatly simplify problems where 
multiple inputs variables are mapped to a single output solution. This mapping can 
produce a smooth continuous output when inputfoutput function/s are non-linear 
or piecewise. There is a large amount of literature on the use of Fuzzy Logic and 
10 the development of a suitable model should be well within the capabilities of the 
skilled addressee. While fuzzy logic has been utilised in this example to create the 
mapping of input variables to an output solution, a conventional hard computed 
solution may also be used. 

15 Training of the fuzzy model is achieved using empirical data. The data is obtained 
through testing of the battery. This involves charging the battery with a constant 
current until a desired voltage is reached, and then discharging the battery and 
recording the charge released. The charge released during the discharge is 
compared to the rated capacity of the battery in order to determine the 

20 approximate state of charge of the battery. By varying cell voltage, charge current 
and temperature during successive charge/discharge tests a large set of 
input/output relationship data is produced, which is used to train the fuzzy model. 

While high accuracy of the State of Charge model is desired this is not essential to 
25 the invention. For acceptable thermal management only an indication of the state 
of charge is required. It is not necessary to know the battery is, say, exactly 
26.231 % charged. If it is estimated that the battery is about one quarter full it is 
reasonable to expect the charge duration to be lengthy and cumulative heating 
effects will be significant. 

30 

However, in order to achieve an acceptable level of model accuracy testing should 
be performed on a similar battery to that to be charged. 



WO 02/093712 



PCT/NZ02/00097 



12 

In conventional measuring terms, the fuzzy model might typically have high 
resolution with limited accuracy. The model is designed to cover the charge phase 
of battery life where the bulk of the charge is returned to the battery (the first 
period of the charge), this is before the overcharge or charge saturation reactions 
5 occur. It is not necessary to provide an indication of the state of charge of the 
battery when the battery is at or near float charge and the overcharge reactions 
are present (the second period of the charge). The operating domain of the model 
is over all of the charge/recharge region except overcharging. During overcharging 
(the second period of the charge) the overcharge scheme discussed later is 
10 dominant. 

It is worth noting that according to the above method the fuzzy model is 
developed under constant current conditions, and when transients such as a step 
change in the charge current occur accuracy of the model is slightly degraded. 
15 This improves as the battery settles to the new conditions (typically 10's of 
seconds to minutes). 

Once an estimate of a battery's state of charge has been obtained the amount of 
energy to be returned to the battery is determined by comparison of state of 
20 charge with a desired state of charge. The amount of energy to be returned to the 
battery is the required state of charge rise. 

Knowledge of the charge heating characteristic of the battery is required before 
successful thermal management can be implemented. As different battery and 

25 installation combinations will have different thermal characteristics, the system 
should be calibrated for the installation site. Calibration is achieved by performing 
a constant current charge/recharge and monitoring the temperature and State of 
Charge Hise during the recharge. With this data reference information can be 
produced. For current purposes this is first reference information. The first 

30 reference information is a Charge Rate Selection model as shown in Figure 4. 
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The relationship between Charge Rate, Temperature Rise and State of Charge 
Rise (SOCrise), as shown in Figure 4, can be expressed as: 

TemperatureRise 

ChargeRate = 

axSOCHse + 0 

5 

Where a and p are the scaling constants determined by the calibration 
process. 

It should be within the capabilities of the skilled addressee to determine these 
10 constants. Constant 'P' gives a finite slope to the zero State of Charge Rise 
region of the Recharge Rate Selection surface (Figure 4). This adds stability to the 
system and allows for some thermal overshoot when a high rate charge is 
terminated. A value of p =4 achieves desirable results. 

15 From the calibration charge 

MeasuredTemperatureRise 

(X — 

CharzeRateUsed x SOCriseMeasured + 0 

With a fixed heat source (i 2 r losses) during recharge the temperature difference 
20 between the battery and the surroundings will increase as the temperature of the 
battery increases. This causes more heat to be dissipated from the battery to the 
atmosphere. Eventually the heat dissipated to the atmosphere will increase to the 
point where equilibrium is formed between the heat energy supplied to the battery 
and the heat dissipated to the atmosphere. At this point no further heating of the 
25 battery will occur. While this effect is naturally expected, the relatively small 
(from a few degrees to tens of degrees centigrade) thermal rise of the battery 
during a charge does not allow rapid heat dissipation to the atmosphere. The high 
ratio of specific heat capacity of the battery compared to the small amount of heat 
dissipated allows the dissipated heat to be neglected. The temperature rise of the 
30 battery can therefore be assumed to be linear with time. 

Once the Charge Rate Selection model is appropriately scaled, charge temperature 
limits need to be selected. The thermal control developed allows direct control 
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over the temperature rise during the recharge. The limits should be set 
according to period between successive recharges, desired / maximum allowed 
recharge time and impact on expected battery life. There are many possible 
schemes for setting the temperature limit, these may be based on an absolute 
5 limit, a fixed rise above ambient temperature, relative to the battery temperature at 
the start of the recharge or a combination of these. 

After appropriate thermal limits have been selected, the allowable temperature rise 
of the battery can be calculated as the difference between the battery temperature 
10 and the defined limit. With this information and knowledge of the required state 
of charge rise a first charge rate parameter, charge current, can be selected using 
the Charge Rate Selection model. 

Figure 4 shows the model and three possible trajectories for a battery charge 
15 starting from 15% state of charge. Trajectory V is the desired path, this requires 
an appropriate state of charge estimate throughout the charge and a good thermal 
model of the battery and surroundings. If during the recharge the battery 
temperature rises faster than expected, or if the state-of-charge estimates are low, 
trajectory 'c' will result. When battery heating is less than expected, or if the 
20 charge state estimate is high, trajectory 'a' may result. Ideally a flat constant- 
current should persist throughout the recharge period. 

By continuously or periodically determining state of charge and battery 
temperature during the charge/recharge the charge current can be monitored and if 
25 necessary updated to ensure the battery can be charged to the required state of 
charge within defined temperature limits. 

It can be seen that for a given temperature rise, when the battery is charged from 
a lower state of charge a lower charge current would be selected than then 
30 recharged from a higher state of charge. 



Figure 5 sets out, in flow chart form, the steps for thermal stress management 
according to a preferred embodiment of the invention. Referring to Figure 5: 
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firstly, a State of Charge estimation model (second reference information) 
and Recharge Rate Selection model (first reference information) are established. 
The battery manufacturers, as part of their battery behavioural analysis, could 
generate these models. The temperature rise limits of the battery selected could be 
5 set during the installation/commissioning stage. During charge/recharge of the 
battery the following steps are undertaken. Step 1: The variable cell and ambient 
parameters of battery voltage, temperature and (charge) current are measured. 
Step 2: by comparing these measured variables to the State of Charge estimation 
model the state of charge can be established and the amount of energy to be 
10 returned to the battery determined. Step 3: by comparing the amount of energy to 
be returned (state of charge rise) and allowed temperature rise (temperature rise 
limits) to the Recharge Rate Selection model the desired charge current (first 
charge rate parameter) is determined. Steps 1 to 3 are repeated either 
continuously or periodically until the desired state of charge is reached. 

15 

The plots in Figure 6 show cell variables from a recharge that has been thermally 
managed. In this example the maximum cell temperature was set at 26 degrees 
centigrade and the state of charge target was set at 80%. The recharge started at 
time equals 2 hours. It can be seen that a rapid change in ambient temperature 

20 influenced the rate of heating of the batteries and the charge current automatically 
adjusted to compensate. It can also be seen that when the cyclic operation of the 
air-conditioner ceases temporarily the charge current reduces to prevent the 
battery from exceeding the temperature limit. As the air conditioner returned to 
normal operation the battery dissipated more heat and the charge current 

25 increased. This ensured the state of charge and temperature aims are achieved. It 
can be seen over the entire charge period that the current would remain at a 
reasonably constant level if the initial determinations are accurate and the 
environment remains constant. 

30 Overcharge Stress Management 

When a battery is charged from a constant current source a near constant voltage 
rise is produced while the battery is absorbing the supplied energy. As the battery 
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approaches a full state of charge the rate at which the battery can absorb 
(i.e. store) energy is reduced. If more energy is supplied to the battery than can 
be absorbed overcharge reactions will result. This is illustrated by the plots in 
Figure 7. The plots show a current-limited recharge where a voltage limit has not 
5 been set. It can be seen that throughout the bulk of the charge the cell voltage 
increases in a near linear fashion. As the cell approaches the fully charged status 
a rapid rise in cell voltage is produced. The rapid voltage rise results when the 
supplied energy is not wholly consumed within the desired recharge reaction. A 
portion of the supplied recharge energy is consumed in the overcharge reactions 
10 involving oxygen evolution and reduction. This excess energy absorbed in the 
overcharge reaction is eventually dissipated as heat or if extreme overcharge is 
allowed may result in gas loss from the cell. As both battery heating and gas loss 
are undesirable overcharge should be minimised. 

15 It is normally desirable to recharge a battery in the shortest possible time. Many 
prior art fast charge algorithms decrease the charge time by forcing a raise in 
battery voltage above the normal float voltage. This higher voltage can 
significantly reduce the total charge time. It has been claimed that increasing the 
voltage to which the cell is charged from 2.27 VPC to 2.4 VPC can reduce the 

20 total charge time by a factor of two. However, this can cause unwanted stress to 
the battery or may not produce the fastest possible charge for the conditions. 

The invention provides a charge saturation (overcharge) detection scheme that 
does not use a pre-set voltage limit. The response of the batteries to the supplied 
25 charge current is continuously monitored for charge saturation. When this is 
detected the rate of charge is reduced. 

Charging with saturation detection minimises battery stress and produces the 
quickest possible recharge for the battery condition. A sufficiently warm battery, 
30 capable of accepting high rates of charge, will result in a charge with a relatively 
high end-voltage. However, if the battery is cold charge saturation will occur at 
lower states of charge. When this is detected, the charge rate is reduced to a 
level that can be accepted by the battery, therefore minimising battery stress. 
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Both Figure 7 and Figure 8 show charge saturation occurring. While post analysis 
allows the onset of charge saturation to be easily identified, real-time analysis is 
more difficult, especially if the early stages of saturation are to be detected. 
5 Saturation is principally detected as an increase in the rate of voltage rise (voltage 
acceleration) while charging under constant current (current limit). 

A voltage maximum (spannungsberg) may occur at the start of recharge when a 
completely discharged cell is charged with constant current. This appears as 
10 almost a mirror of the Coup de fouet (spannungssack) seen when a fully charged 
lead acid battery is discharged. The voltage maximum transient at the start or 
recharge is shown in Figure 9. The degree of overshoot is dependent on the 
particular cell and the depth of discharge preceding the recharge. 

15 Although not immediately obvious, as this initial transient settles to a constant 
rate of voltage rise there is voltage acceleration. As voltage acceleration is the 
identifier for charge saturation, some mechanism is required to differentiate 
between saturation and this initial transient. Simple transient masking by voltage 
level and/or time thresholds are not feasible as the voltage at which these 

20 transients occur is dependent on the state of charge and the temperature of the 
battery. Also, the duration of these initial voltage transients is dependent on the 
rate of charge. If a high-rate recharge is initiated from a high state of charge, 
charge-saturation may be produced almost immediately hence transient masking 
through timeouts may not prevent damaging charge saturation from occurring. 

25 

To discriminate between charge saturation and start of charge transients, the 
voltage parameter is manipulated to provide voltage slope (dV/dt), acceleration 
(d 2 V/dt 2 ) and slope of the voltage-acceleration (d 3 V/dt 3 ). For charge saturation 
detection the following reference criteria are used: all three manipulated 
30 parameters must be positive and the voltage acceleration must exceed a set 
threshold level. The rate of change of the voltage acceleration (d 4 V/dt 4 ) must also 
be positive to ensure true detection of charge saturation. To produce accurate 
results care must be taken when selecting the resolution and sample frequency for 
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sampled date. With real-time sampled data a time lag or skew is produced as 
the raw data is filtered and assessed. An adaptive filtering system can be used to 
minimise the filtering delay. Discussion on an adaptive filtering system is available 
in: P.M Hunter, Advanced Battery Management and Control, Pg 94-96, M.E. 
5 Thesis, University of Canterbury 1 999. 

Figure 10 shows the start of charge transient being successfully masked through 
the multiple differentials of the cell voltage. Figure 11 shows saturation being' 
detected by all the differentials being positive and the voltage acceleration (2 nd 

10 differential) being greater than the threshold. On detecting charge saturation the 
charge current should be reduced to a level that can be accepted by the battery. 
The amount of charge rate reduction will depend on the degree of saturation 
experienced and the delay involved in detection. The oscillations seen in the 
voltage derivatives result from approximating the voltage data by a high order 

15 polynomial to simplify the differentiation. 

Figure 12 sets out, in flow chart form, the steps for overcharge stress 
management according to a preferred embodiment of the invention. Step 1 : the 
variable parameter, battery voltage, is measured. This can be a unique 

20 measurement or one obtained during Step 1 of the thermal stress management 
aspect. Step 2: the variable parameter is manipulated to obtain first to fourth 
derivatives and these are compared to reference criteria to determine if overcharge 
saturation is occurring. If overcharge is occurring Step 3 requires that the charge 
current is reduced by a pre-set value, in this embodiment by 50%. If overcharge 

25 saturation is not occurring the charge current need not be reduced. Steps 1 to 3 
are repeated either continuously or periodically until the desired state of charge is 
reached. 

Stress Controlled Recharge 

30 

Through combining the previously described thermal and overcharge control 
schemes, a stress-controlled recharge system is obtained. The voltage and current 
limits of the recharge process are indirectly bounded through the stress imposed 
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on the battery by the recharge. These boundaries can be dynamically adapted 
to the status of the battery throughout the charge. Figure 13 shows a typical safe 
operating area (S.O.A.) for a VRLA battery at the start of recharge. The thermal 
and saturation stress limits shown in Figure 13 are not fixed, these dynamically 
5 adjust as the state of charge of the battery increases throughout the recharge. 
The thermal stress control will select a charge current that, hopefully, remains 
constant throughout the recharge until the saturation stress limit is reached. As 
the battery temperature increases and the gap between the battery temperature 
and the allowed limit decreases, this produces a vertical shift down in the thermal 
10 stress boundary. 

If the recharge is initiated from a low state of charge, the charge rate must be low 
to limit battery heating to an acceptable level. This is because the large amount of 
charge to be returned to the battery combined with the recharge inefficiency will 
15 cause significant heating. If the recharge is initiated from a higher state of charge, 
the charge may be returned at a higher rate as the allowed temperature rise can be 
achieved from a greater rate of heating for a shorter duration. 

As the battery nears a full state of charge, its ability to accept the charge current 
20 (in the desired recharge reaction) is reduced. Figure 13 also shows charge 
saturation limit. This allows a high charge rate at low states of charge and 
reduces to almost no charge (a float rate) when the battery is fully charged. While 
the charge saturation limit is shown as a straight line, the developed charge 
saturation control reduces the charge rate in steps when the onset of overcharge 
25 is detected. 

Figure 14 illustrates the results of a combined thermal and overcharge control 
scheme. The centre plot shows that the charge current is essentially constant 
throughout the bulk charge. Near the end of this first constant current phase (at 
30 approximately 75 amps) there is a slight increase in charge current, this is due to 
the air-conditioning increasing the gap between the battery temperature and the 
ambient. This allows greater battery heating and hence the charge current 
increases. 
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When charge saturation is detected (at about 1 .8 hours) the charge current was 
reduced by approximately 50%. The thermal control need no longer be used as 
current heating is significantly reduced. Not all the peaks in the voltage plot of 
5 Figure 14 shows signs of charge saturation as this plot is of a single cell in a series 
string. The control strategy reduced the current as soon as a single cell showed 
signs of saturation, therefore eliminating overcharge of any cell. The scheme 
continues to reduce the current each time saturation is detected. In this way the 
battery can be returned to very near 100% state of charge with minima) saturation 
10 stress. 

The 50% current reductions produce only small very short duration overestimates 
glitches in the state of charge estimates, demonstrating the ability to adjust to 
new conditions. Although no float voltage was set, the final voltage arrived at by 
15 the charge system (where current resolution limit was reached) was extremely 
close to the float voltage recommended by the battery manufacturer. 

It will be apparent to the skilled addressee that the invention may be implemented 
in software in a Battery Management System. The hardware and scheme for such 

20 system are known in the art. The battery management system would be 
controlled by a computer, Programmable Logic Controller (PLC) or other micro- 
processor based controller. Transducers or distributed data-acquisition modules 
acquire the cell/battery voltages, current temperatures and ambient temperature 
and input these to the controller. Pre-determined reference information and pre-set 

25 reference criteria are stored in memory. The controller performs the required tasks 
and outputs control signals to charger hardware. The controller output may be a 
set-point to a discrete battery charger or other signal where the controller has 
more direct control over charge parameters such as current and voltage. 

30 The described scheme will recharge a VRLA battery from any state of charge to a 
desired state of charge as quickly as the battery can accept the charge while 
maintaining it within the identified stress limitations. The described control 
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schemes can easily be implemented in microprocessor or computer controlled 
battery chargers. 

If a minimum battery capacity is required to guarantee system integrity, this may 
5 be used for the target state of charge instead of fully charged (100%). E.g. Using 
the allowed temperature rise to return the battery to 70% SOC (minimum capacity 
to guarantee system integrity) as quickly as possible, the final 30% of the charge 
may be returned at a slower rate as system reliability has been returned. 

10 While the stress-managed recharge has been developed for rapid recharge use, it is 
applicable to any application or situation where charge is required without 
damaging the battery. For example, standby or cycling applications where the 
batteries must be returned to a high state of charge in a short time period. 

15 Where in the foregoing description reference has been, made to integers or 
elements having known equivalents, then such equivalents are herein included as 
if individually set forth. 

A particular example of the invention has been described and it is envisaged that 
20 improvements and modifications can take place without departing from the scope 
thereof. 
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Claims 

1 . A method of charging one or more cells including: 

5 obtaining one or more cell parameters, or changes in said cell parameters; 

determining a charge parameter in accordance with the measured cell 
parameter(s); and 

10 supplying energy to the cell(s) in accordance with the determined charge 

parameter. 

2. A method according to claim 1 wherein energy is being supplied to the 
cell(s) when the cell parameter is measured. 

15 

3. A method according to claim 1 or 2 wherein the cell parameter and charge 
parameter are obtained periodically. 

4. A method according to claim 1, 2 or 3 wherein the cell parameter is a state 
20 of charge of the cell(s). 

5. A method according to claim 4 wherein the state of charge of the cell(s) is 
obtained by measuring one or more measured parameters, and inputting the 
measured parameter(s) into a state of charge estimation model. 

25 

6. A method according to claim 5 further including establishing the state of 
charge estimation model by previous testing. 

7. A method according to any of the preceding claims further including 
30 calculating the charge parameter in such a way as to control temperature 

change of the cell(s) during supply of energy to the cell(s) within 
predetermined limits. 
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8. A method according to any of the preceding claims, wherein the 
charge parameter is a charge rate (current). 

9. A method according to any of the preceding claims, wherein the ce>ll 
5 parameter(s) include three or more derivatives of a measured parameter. 

10. A method according to claim 9 wherein the derivates include a first, second 
and third derivative. 

10 11. A method according to claim 10 wherein the derivates include a fourth 
derivative. 

12. A method according to any of claims 9 to 11 further including comparing 
the derivatives with reference criteria, and determining the charge 

15 parameter in accordance with the comparison. 

13. A scheme for charging one or more cells including: 

measuring one or more cells and/or ambient variable parameters, or 
20 changes in said parameters, either immediately before and/or continuously 

or periodically during the supply of energy to the cell(s); 

optionally, manipulating the measured parameter(s), or change in measured 
parameter(s); and 

25 

relating the (manipulated) parameter(s) to reference information to obtain 
first and/or second charge parameter(s) that minimise charge time and/or 
charge stresses on the cell(s). 

30 14. A method of supplying energy to one or more cells including: 



measuring one or more variable cell and/or ambient parameters; 
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determining an amount of energy to be supplied to the cell(s); and 

relating the amount of energy to be supplied to first reference information 
to obtain a first charge rate parameter for the cell(s); 

and, either continuously or periodically during the supply of energy to the 
cell(s): 

measuring one or more variable cell and/or ambient parameters, or changes 
in said parameters; 

during at least a first period of the supply of energy to the cell(s), relating 
the measured parameter(s) or changes in the measured parameter(s) or a 
value determined using said parameter(s) to first reference information to 
obtain an update of the first charge rate parameter; and 

during at least a second period of the supply of energy to the cell(s), 
manipulating at least one of the measured parameter(s), or changes in the 
measured parameter(s), or a value determined using said parameter(s) and 
comparing said manipulation to reference criteria to determine the cell(s) 
response to the energy supplied and from said response choosing either an 
update of the first charge rate parameter or a second charge rate parameter 
for the cell(s). 

15. A method of obtaining information about the amount of energy to be 
supplied to one or more cells including; 

acquiring a plurality of data relating one or more variable cell and/or 
ambient parameter(s), or change in said parameter(s), to state of charge of 
the cell(s); 

characterising the data to obtain second reference information; 
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measuring, either continuously or periodically, the variable 
parameter(s), or change in variable parameter(s), during at least a first 
period of charging of the cell(s); and 

relating the measured variable parameter(s), or change in the measured 
variable parameter(s), to the second reference information to obtain an 
absolute or relative estimation of the state of charge of the battery. 

16. A method of selecting a charge parameter for one or more cell(s) including: 

acquiring data relating one or more variable cell parameter(s), or change in 
said parameter(s); 

characterising the data to obtain reference information; 

selecting an allowable temperature rise for the cell(s); 

determining an amount of energy to be supplied to the celi{s); and 

relating the temperature rise and energy to be supplied to the first reference 
information to obtain an absolute or relative estimation of the value of the 
charge parameter. 

17. A method of detecting overcharge in one or more cells including: 

measuring a variable cell parameter during at least part of a charge of one 
or more cells; 

manipulating the parameter to obtain three or more of its derivatives; and 
comparing said derivatives to reference criteria and selecting a result based 
on said comparison. 

18. Apparatus adapted to perform the method of any of the preceding claims. 
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1 9. A computer readable medium containing instructions to enable a computer 
or micro-processor to perform steps according to any of claims 1 to 17. 
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Figure 2 
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Step 1: measure battery voltage, 
current and temperature. 
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Step 2: using SOC estimation 
model - determine SOC of the 
battery & thus charge to be 
returned. 
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Step 3: using Recharge Rate 
Selection model - determine 
charge rate (current) for battery. 









Repeat until required 
SOC reached 



Figure 5 
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Figure 8 
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Step 1: measure battery voltage. 
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Step 2: calculate 1* 2 nd , 3 rt & 4 th 
derivatives of voltage. 
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Step 3: reduce charge current by 
predetermined amount, e.g. 50%. 
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